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Planning the SCEC Pathways: Pegasus at
work on the Grid

e Introduction to SCEC and SCEC/CME
e SCEC/CME System Challenges
e Initial SCEC/CME Workflow Approach

e Revised SCEC/CME Workflow Using NMI
and Pegasus Tools

o SCEC/CME Workflow Innovations
o SCEC/CME Future Directions



Introduction to SCEC and SCEC/CME



Southern California: a Natural Laboratory for
Earthquake Science

Tectonic diversity

Complex fault
network

High seismic
activity

Excellent geologic
exposure

Rich seismic and GPS
data sources and catalogs

Large urban population Southern California
with densely built Earthquakes

. . . July 1970 - June 1895
environment = high risk Magnitudes:

5+ = Yellow, <5 = Red

Well established scientific
and technical community

Extensive research program coordinated by Southern California Earthquake Center (SCEC) under NSF
and USGS sponsorship



C 2 * Consortium of 14 core institutions and 26 other
S E C participating organizations, founded as an NSF
’4 STC 1n 1991, and re-funded in 2001 for 5
an NSF+USGS center ..
additional years.

SOU,them Calimeia « Co-funded by NSF and USGS under the National
Earthquake Hazards Reduction Program

Earthquake Center (NEHRP)

o .
Core Institutions Misston:

— QGather all kinds of data on earthquakes in
California Institute of Technology Southern California

Columbia University

Harvard University

Massachusetts Institute of Technology
San Diego State University phenomena

— Integrate information into a comprehensive,
physics-based understanding of earthquake

Stanford University

_ — Communicate understanding to end-users and the
U.S. Geological Survey (3 offices)

University of California, Los Angeles _ .
University of California, San Diego reduce economic losses, and save lives
University of California, Santa Barbara

University of Nevada, Reno

University of Southern California (lead) WWW SCGC O rg

general public to increase earthquake awareness,




Selsmlc Hazard Aaly31s as System—LeVI
Earthquake Research Problem

Definition: Specification of the maximum intensity of shaking
expected at a site during a fixed time interval

Example:

 Intensity measure: peak
ground acceleration

(PGA)

» Interval: 50 years

National seismic hazard maps

» Probability of

exceedance:

2%

(http://geochazards.cr.usgs.gov/eq/)




Seismic Hazard Analy31s as a System Level Problem

eimiciy (ANS) _ Paleoseismology Local site effects  Geologic structure (USArray)

Stress

transfer AT Rupture
(INSAR, PBO 1 A : . . dynamics
& SAIEOD) , Crustal Crustal Seismic Velocity (SAFOD, ANSS,
& USArray)

motion (PBO) deformation (InSAR) structure (USArray)
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SCEC/CME System Challenges



SCEC/ Sstem Reqlremnts )

Develop an information infrastructure for system-level earthquake
science to create a SCEC collaboratory that can:

Capture and manipulate the knowledge that will permit a variety of users with
different levels of sophistication to configure complex computational pathways.

Enable execution of physics-based simulations and data inversions that
incorporate advances in fault-system dynamics, rupture dynamics, wave
propagation, and non-linear site response.

Manage large, distributed collections of simulation results, as well as the large
sets of geologic, geodetic and seismologic data required to validate the
simulations and constrain parameter values.

Provide access to SHA products and methodologies to end-users outside of the
SCEC community, including practicing engineers, emergency managers,
decision-makers, and the general public.
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SCEC Computational Pathways

1. Standardized Seismic Hazard Analysis
2. Ground motion simulation
3. Physics-based earthquake forecasting

Other Data
. . Geology
4. Ground motion inverse problem Geodesy
| Unified Structural Representation | Invert
Faults Motions Stresses Anelastic model

Ground
@ @ AWM SRM Motions

‘-@ﬂi- m gl =P S =

N £ T

—

Improvement
of models

—

Physics-based

simulations
® @ )
—
Earthquake Attenuation Intensity Empirical
Forecast Model Relationship Measures relationships
® -
FSM = Fault System Model AWP = Anelastic Wave Propagation

RDM = Rupture Dynamics Model SRM = Site Response Mod

el




SCEC/CME System IT Challenges

Scientific workflows must be created from heterogeneous
library of geophysical programs and utilities.

Workflow authoring system must support wide range of
workflow authors, very naive to very sophisticated.

Data Management 1ssues include scale (size and number)
and difficulty of describing simulation data (metadata).

Simulation data products must be distributed to users, well
described, long lived, accessible, and citable.



Initial SCEC/CME Workflow
Approach



SCEC/CME Worktlow Example

Example of SCEC/CME Computational Pathway:

Find Peak
Acceleratioy

Extract
Seismogramn

AWM Model 1 XML File with 3000
Config File (5kb) 9000 seismogram datapoints (100Kb)
files (9000 x 0.5
Mb = 4.5Gb) 1 JPEG (38Kb)

3 files of 4D
Wavefield data
(3x4GB =12 Gb)



Computational Step Concept

Computational Step modeled like a dataflow diagram:
Datatype inputs, transforming program, datatypes outputs

Hazard Map Value
Dataset

GRD File Dataset

>

Datatype Operator Datatype

Data Type — Data formatted for use by a computational programes.
Dataset — an instance of a datatype accessible with a URL.
Operator — Inputs datatypes input and outputs datatype



Computational Pathway Concept

A Computational Pathway i1s series of Computational steps connected
together

Hazard Map Value GRD File Dataset

Dataset

JPEG Image Dataset

» [ GMT Script
Operator

» | Grd-Image
Operator

>



SCEC/CME Application Architecture

Users Computer

—

HTML/HTTP

Browser Based
User Interface

SCEC/CME Testbed
Portal

Apache Httpd

Apache Tomcat

Apache Struts

JSPs

Java

Web-Service Client
Action Methods

Digital
Library I/F

5
mySQL
RDBMS

—

XML/SOAP

SCEC/CME Testbed
Grid

Apache AXIS

Apache Tomcat

Web Service
Implementations

Digital
Library I/F

Globus Grid
Scheduler

Application Programs




Issues w1th Imtlal SCEC/CME
Workflow Implementation

e Only Web Services were supported as predicates
(transformations).

e Each Pathway was run using a different workflow
application program.

e Computing resources were directly specified in job
submission application programs.

e Non-secure web portal.



Rev1sed SCEC/CME Workﬂow
Using NMI and Pegasus Tools



Rev1sed SCEC/CME Workﬂow Approach

NMI Portal tools (CHEF) and Proxy management tools
(MyProxy) used for secure grid-computing.

Grid-based computational infrastructure using Globus, Chimera,
Pegasus.

System supports high throughput, high performance, and storage
oriented SCEC/CME Workflows

Replica Location Service (RLS), and Metadata Catalog System
(MCS) tools for file management.

SCEC Data Discovery system based on Metadata Catalog
System Metadata search capabilities.
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SCEC Datatype

DB

A

A

A

~ L -
Compositional Pathway
Analysis Tool Composition
(CAT) Tool Metadata
- o~ Catalog Service|
/ N

Data Selector

Grid-Based

HAZARD MAP

Replica

Location
Service

of SCEC/CME Workftlow
System

DA~ Dex .Bg)\@@
Generator Pegasus

Condor
DAGMAN

Rsl



Software Description:

« Java code

e Many very similar calculations
are performed for a large number
of points (e.g. 10,000 points/map).

 The results of one calculation do not effect the results for other
points.

* An output file 1s created for each point.

Computing Approach:

e This high throughput application is well suited for submission to a
Condor Pool.

 This workflow uses a 100+ node Condor Pool at USC.




peak |v|=7.3m/s

Software Description:

» Fortran-based MPI code

* These programs are Finite
Difference and Finite Element
wave propagation simulations.
» These simulations produce very large 4D output files (GB — TB)

Computing Approach:

e Code 1s run on USC High Performance Linux Cluster and Teragrid
sites.

« This workflow uses Pegasus to help link preprocessing, simulation,
and post-processing.




Calculatlon of Synthetlc Wavformslusmg )
Green’s Tensors

Software Description: -
* Mixed Fortran and C code. -

« A 27 TB dataset, created by —W\{WW WMWMNWWMMWMM

running Pathway 2 simulations1s = =

1111111

-----

used to generate synthetic

-----

seismograms.

« Synthetic seismograms are calculated for earthquakes
specified in the Caltech Focal Mechanism Catalog.

Computing Approach:

« The SCEC application program performs partial file reads on
files in an SRB managed file system at SDSC so there 1s no
need to copy the entire file from SDSC to USC.
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SCEC/CME Workﬂow Compos1t10n Process

* CAT (Compositional Analysis Tool) an ontology based workflow
composition tool or PCT (Pathway Composition Tool) generate the
application workflows template (using ontologies and data types).

» The Grid-Based Input Data selection component allows the user to
select the input data necessary to populate the workflow template. The
result in an abstract workflow that refers only to the logical application
components and logical input data required for a pathway.

» The DAX generator translates the abstract workflow to a
corresponding XML description (DAX).

 Pegasus takes in the DAX and generates the concrete workflow.

* Concrete Workflow 1dentifies the resources that are used to run on
the grid and refers to the physical locations of input data.

* Condor DAGMAN submits the workflow on the grid and tracks the
execution of the workflow.

* Successful execution generates the final hazard map for the region.



Compose Workflow Display

Choose transformations and connec

Pathway Composition Too

them:

File Edt View Favorkes Tools  Help

Q- © - [¥ B & ;‘l search 57 Favorites @) Media {2} E-;- ;

= LR A3 -

address | €] Pitps:ffnave ust.edujamedb{Pathway Canpositionpplet. sp

Google - v | B search web

- 5 Ghat4blocked
g

[ optians

Pathway Composition Tool

Choose Module:
Hazard curve Calculstor

Moduie Descriatior:

To caloulate the hazard curve at &
particular site

Moduie Inputs:

EarthouakeRuptureForecast
IntensityMeasureRelationship
Ste

SiteParameters

Moduie Outpuls:

HazardCurveDataFiles

Al Madule to Pathay

MODULE SELECTED IS HazardMapCalculstor
LINK HazarMapDataFiles TO HazardMspDatasetTox Y ZConverter

Remave Mocule H Fiemove Link ]

alculator,Hazar

[ Add Link ToXvZConverter)

MODULE SELECTED IS HazardMapDstasef ToX V ZConverter
LINK HazardhapDataFiles FROM HazardhiapCalculator

LINK 3 ZFile TO WiapPlotter

l Remove Moduls | [ Remove Link ] [ saatne (HazardMapDatase{ToXYZConverter,MapPlotter)
MODULE SELECTED IS MapPlotter
LIMK (Y ZFile FROM HazardMapDatasetTox Y ZConverter

Femove Module I [ Rermove Link ] [ Add Link

€] applet org.scec,cme, pathiwayComposition P athway CompasitionT ool started

& Internst




file Edit View Favortes Tools Help

o

pecific files for input
Users views list of files that are registered into RLS.
Metadata in MCS can also be viewed for each entry.

2 Input Data For, Pathway - Microsoft Intarnef

Q- © - [¥ B & f_‘l search 57 Favorites @) Media {2} [-'T:‘ ; =1 -\ é% 3

Address ‘@ hittps: {wave.usc.edufemedbiPathiay Computation_DAK.jspPeatxmi=h

.usc. edujcmedbypath Filesi 1096499647309, <l V| G Links >

Google - ‘ v ‘ B searchweb - g3 Gha14 blocked {4 options
CALIFORNIA EARTHQUAKE CENTER @:NSF = USGS -
e .
Input Data For Pathway

Wiew WorkFlow Template

Pathway Module: HazardlapCalculator

Select Pathway Component Instance: | org.scec.crme:Hazard Map Calculatars? ‘ [ View Metadata

Inputs Outputs

EarthquakeRuptureForecast HazardMapDataFiles

‘nrg scec.cme EgkRupture:3116 v H View Metadata ]

Region

| org.scec.cme GriddedRegion:3125 v [ ViewMetadata |

IntensityMeasureE elationship

[org.scec.cme Fieldz000_MR:3118 | v| [ ViewMstadata |

SiteParameters =
‘ org.scec.cme:SiteParameters: 3119 v ‘ [ View Metadata ]

Pathway Module: HazardMapDatasetTo X YZConverter

Select Pathway Component Instance: | ory.scec emeHazardMapDatasetToXvZConvenerss | [ viewMetadata
Inputs Outputs
DMLOrProbParameter HYZFile
‘nrg scec.cmeimlOrProb:3120 vl[ Wiew Metadata. ]
HazardbfapDataFiles FROM MODULE HazardMap Celculator

L]
&] Done

S @ Internet




» Uses Pegasus’ portal
solution for
displaying job status

* Displays
performance and
status information
about individual
workflow tasks and
entire workflows

Display

2 View Submit Job Details - Microsoft Internet Explorer

Fle Edt Vew Favortes Toos Hep

Q- Q ¥ A ;J search 57 Favortes @ tede (2) [\v ; =10\ ﬁ) 3

Adhress €] rttpsifiwave.ust.edujcmechishowiobdstal.jsp

v Dso |uis ?
Google - | Bpseachiweh < g Ehaisbiocked ed cptions
SOUTHERN CALIFORNIA EARTHQUAKE CENTER ‘@:NSF  ZUSGS &
B g ~ = ; ]
. . .
View Submit Job Details
Job Job Time Submitted Time Total Completed Submit Dag Time Host
Name [Status Completed odes odes iles Image [Chart |Chart
2004.09.23 DAG  [Time Host
ACTOE 6149 ‘15 ‘0 MG pe bt hant
Node Type [Unsubmitted Pending Active Successful Failed Total
Transfer 6 o 0 0 0 6
Registration Nodes 3 ] 0 ] ] 3
Compute Nodes 3 2 0 0 0 5
InterPool Nodes 1 o 0 0 0 1
Total Nodes 13 2 0 0 0 15
Node ID Nade T Node Statn o gn:ek“ \F“"LE"#“*
ode ode type ode Stams StaltTimeTE“ ilefile file file
. 2004.09.29 in | suberr out
altmaak_create_dir COMFUTE PENDING 161458 nll Fie File Fie Fi |
2004.09.29 i |sublerr Lout
epicenter_create_dir COMPUTE PENDING 161458 nfl File e File Fl:
in |suberr oot
HazardMap Caleulator 1D COMPUTE [UNSUBMITTED null il File [l File File
in | sub|etr.out
HazardMapDatasetToX YZConverter ID1 CONMPUTE [UNSUBMITTED pull ll File File File File
in | sub|etr|out
MapPlotter_D2 CCOMPUTE [UMSUBMITTED pull il Eile File Fie[Fil:
lin | sub|etr|out
¢_te_HazardMapCalculator_IDO_0 TRANSFER [UNSUBMITTED full il e File FilFile
lin | sub|err|out
ew_ro_tz_HazardMap Caleulater_TD0_0 TRANSFER [UNSUBMITTED full nll File File File Fi
lin |sub | err .out
ew_rc_regster HazardMap Calculater D0 REGISTRATION [TNSUBMITTED null ull Fide File File Fle a

&]Dore

8 @ ntemet




Beneﬁts of Integratlng SICEC orkﬂow w1th -
NMI Tools and Pegasus

Standardized secure job submission through portal using
MyProxy.

Grid-based connectivity with collaborators sites including
USC,UCSB, PSC.

Standardized Workflow construction using “workflow
templates™.

Optimized conversion of Condor DAG’s to RSL by Pegasus.
Automatic data movements scripted by Pegasus.

Integration with File and Metadata Management Tools (MCS
and RLS).

Automatic selection of computing resources from resource pool
by Pegasus.

Automatic parallelization of workflow by Pegasus in some
case.

Grid-based job monitoring tools using Pegasus.



SCEC/CME Workflow Innovations



SCEC/CME Layered Software Architecture

Ul |+ Intelligent Assistant
‘ A
Ul |+<— Integrated System Access (Portal)
‘ A
Ul |« Workflow Management I
¢
Ul |«— Domain Applications and Services
‘ \4 \ 4
Resource Sharing (Compute Grid and Data Grid)
v ' ' v
. S S
Computing Resources




File Fawvorites
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Edit Wiew Tools Help

>~ Search

<''= Favarites w'Me

Domain Ontology: data types
of the inputs and outputs of
the workflow components

plorer

¢

AT reasons about

address | @] http: ffexcalibur . isi.edu: 8080/cat-enhanced/ser viet jpInterface Psystype=eah o

[Hide Modules] [Load Pathway] [Sawe Pathway] [Fill in Data]

/[ ~ATaposition Analysis Tool :
User-Provided Data End Results

Click to ente

Available Madules and reports property
= & all Parameters () More Specific or Mew DURATION-VEARS: 2 3 SA-PROB-EXC-HAZARD-CURVE:1 3 i . .
i £RE - Duration-yaars X Hazard-Cak - SA-Frob-Exc-Hazara-Curve X V10 atlons as t e
= G 1o Daca Tyoe W éc For - LATE S :
. O WO~
P ===l workflow is composed
= 1= IMR ® ERF
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SCEC/ CME Management of Pathways
Using Data Types and Program Types

SCEC/CME RDBMs contains lists of all known Datatypes and
Operator types. (Note key concepts of Datatypes versus Datasets
(Datasets are instances of data types that are accessible by a
URL).

SCEC/CME RDBMS contains information on what input and
output datatypes are required by each Operator type.

SCEC/CME RDBMS contains information about each dataset in
the system.

SCEC/CME RDBMCS contains information about metadata for
cach dataset in the system.

SCEC/CME RDBMS information contains processing status
information as computational steps are completed in a
computational pathway calculation.



SCEC/CME RDBMS Schema

ResourceType PredicateType
PK | ResourceTypelD PK | PredicateTypelD
-
ResourceTypeName i PredicateTypeName
Active « Active
ResourceTypeMetadataURI PredicateTypeMetadataURI
A A A A
Predicatelnputs
PK,FK1 | PredicateTypelD PredicateOutputs
ResourcelypelD ResourceTypelD
PK,FK2 | ResourceTypelD PK,FK1
PK,FK2 | PredicateTypelD
Resourcelnstance
PK | ResourcelnstancelD
Predicatelnstance
FK1 | ResourceTypelD
ResourcelnstanceURI P PK | PredicatelnstancelD
ResourcelnstanceMetadataURI |
ProcessingStatus FK1 | PredicateTypelD
ProcessingStartDateTime PredicatelnstanceURI
ProcessingEndDateTime PredicatelnstanceMetadataURI
Active Active
A A
ComputationalStep
PK | ComputationalSteplD
-
"|Fk2 | computationalPathiD
StepNumber *
FK1 | PredicatelnstancelD ComputationalPath
A PK | ComputationalPathID URIZURL
[ tati IPathN PK
i ComputationalStepOutput omputationalFathiName PK
ComputationalSteplnput 2 (Hotfy NumberOfStepsinPath URL
PK,FK2 | ComputationalSteplD PK,FK1 | ComputationalSteplD ComputationStatus
PK’FK1 ResourcelnstancelD PK,FK2 | ResourcelnstancelD ComputationalP tadataURI
’ ComputationStartDateTime
ComputationEndDateTime




SCEC/CME Future Directions



Intelligent Assistant Workflow '
Construction
Web-based, metadata-based,
data discovery and distribution site.
SR S — S
Data File Condor
Selection Chimera Pegasus Dagman
Tool
L ) . )

MCS RLS

Knowledge
Base




Develop Complete Modehng EnlronmntUse

Functionality
Capture Find, Create, Construct
Model and Analyze | and Execute
Elements Data Pathways
Monitor Svstem
Pathways y Data
and User .
And System . Curation
Admin

SOH

> Z X m X m

wn R mwn C

Public
Data
Access

Public
Utility
Computing




SCEC/CME: www.scec.org/cme

Pegasus: pegasus.isi.edu

CAT: www.ist.edu/ikcap/cat/

VDT: www.ivdgl.org

Chimera: www.griphyn.org/chimera

GriPhyN: www.griphyn.org

Email: maechlin(@usc.edu

Information about the relevant NFEE:
projects and software components


http://www.scec.org/cme
http://pegasus.isi.edu/
http://pegasus.isi.edu/
http://www.isi.edu/ikcap/cat/
http://www.isi.edu/ikcap/cat/
http://www.ivdgl.org/
http://www.griphyn.org/chimera
http://www.griphyn.org/
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